During development of the neocortex, the marginal zone (layer I) and the subplate (layer VII) are the first layers to form from a primordial plexiform neoropil. The cortical plate (layers II-VI) is subsequently established between these superficial and deep components of the primordial plexiform neuropil. Neurons in the early zones are thought to play important roles in the formation of the cortex: the Cajal-Retzius cells of the marginal zone are instrumental in neuronal migration and laminar formation, and cells of the subplate are involved in the formation of cortical connections. Using the fluorescent tracer 1,1Ј-dioctodecyl-3,3,3Ј,3Ј-tetramethylindocarbocyanine (DiI), we have shown here that a substantial proportion of neurons of the marginal zone, including cells with features of Cajal-Retzius cells, and of the subplate and lower intermediate zone are not born in the ventricular neuroepithelium but instead originate in the medial ganglionic eminence (MGE), the pallidal primordium. These neurons follow a tangential migratory route to their positions in the developing cortex. They express the neurotransmitter GABA but seem to lack the calcium binding protein calretinin; some migrating cells found in the marginal zone express reelin. In addition, migrating cells express the LIMhomeobox gene Lhx6, a characteristic marker of the MGE. It is suggested that this gene uniquely or in combination with other transcription factors may be involved in the decision of MGE cells to differentiate in situ or migrate to the neocortex.
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One of the early events in the regionalization of the brain is the subdivision of the dorsal and basal telencephalic ventricular zones (VZ s). The dorsal VZ, a sheet of pseudostratified epithelial cells, gives rise to the neocortex, whereas the dome-shaped ventral VZ produces the striatum and pallidum, components of the basal ganglia that receive major inputs from the neocortex. This elevation protruding into the ventricular cavity becomes divided by a sulcus into a lateral and a medial part, known respectively as the lateral ganglionic eminence (LGE) and medial ganglionic eminence (MGE). A prominent corticostriatal sulcus divides the neocortical and striatal regions and separates cells with different molecular traits and markedly different fates (Rubenstein et al., 1994; Fishell, 1995) . In the mature brain, the cortex contains a wide range of neuronal cell types that are organized in six layers (Szentágothai, 1973) , whereas the striatum has a nuclear organization largely composed of one neuronal cell type, the medium spiny cell (Kemp and Powell, 1971) .
A number of studies have shown that although neuronal precursors are able to move within the dorsal and basal VZ s, they are unable to cross the corticostriatal sulcus (Fishell et al., 1993; Neyt et al., 1997) , which suggests, in accordance with the widely held view, that cortical neurons originate exclusively from progenitor cells within the dorsal VZ. Thymidine autoradiography and electron microscopical studies indicated that postmitotic neurons migrate away from their place of origin toward the pial surface, using radial glial fascicles as guides, and assemble in an "insideout" pattern within the cortical plate (Rakic, 1974 (Rakic, , 1988 . The exception to this inside-out sequence of laminar formation is the Cajal-Retzius cells of the marginal zone (MZ), which together with the neurons of the subplate (SP) are the first cells to appear in the cerebral cortex (for review, see Uylings et al., 1990; Marín-Padilla, 1998) . A number of investigations have highlighted important roles for Cajal-Retzius cells in neuronal migration and cortical lamination (D'Arcangelo et al., 1995; Ogawa et al., 1995; Frotscher, 1997) and for SP neurons in the formation of cortical connections (McConnell et al., 1994; Ghosh, 1995) .
Recent experimental findings, however, have challenged this concept of cortical neuronal generation and migration. First, tracing experiments have shown that cells in the embryonic LGE are able to transgress the corticostriatal boundary and migrate into the developing neocortex (De Carlos et al., 1996; Anderson et al., 1997; Tamamaki et al., 1997) . Second, these and other tracing studies (O'Rourke et al., 1995) and a host of investigations with recombinant retroviruses (Walsh and Cepko, 1992; Mione et al., 1997) , chimeric and transgenic mice Tan et al., 1995 Tan et al., , 1998 , and bromodeoxyuridine incorporation (De Diego et al., 1994) have provided evidence that a significant proportion of cortical neurons do not migrate to their destinations along radially oriented glial fascicles but rather along nonradial pathways. In the present study we have shown that the MGE is a source of cells in the MZ, including Cajal-Retzius cells, and of neurons in the lower intermediate zone (IZ) and SP at various stages of corticogenesis. These cells follow a tangential migratory route to their positions in the developing cortex. The origin, migration, and distribution of these early neurons coincides with the pattern of expression of the novel LIM-homeobox gene Lh x6 in the developing telencephalon (Grigoriou et al., 1998) and, indeed, we found that these cells do express this transcription factor.
MATERIALS AND METHODS
Animals. Brains of embryos, removed from pregnant Sprague Dawley albino rats at different stages during the last week of gestation [embryonic day 13-19 (E13-19) ; E1, day vaginal plug was found], were used for the preparation of slice cultures and for in situ hybridization for Lh x6. In situ hybridization for this gene was also performed on brain sections of mice (Parkes; outbred) of different embryonic stages (E11.5-19.5). Materials. DM EM / F12 culture medium was purchased from Sigma (St. L ouis, MO), and Neurobasal medium and B-27 medium supplement were purchased from Life Technologies (Gaithersburg, MD). Antibodies used in this study were rabbit anti-Lh x6 (Grigoriou et al., 1998) , rabbit anti-GABA (Sigma), rabbit anti-calretinin (CR) (Swant, Switzerland), mouse anti-reelin (CR-50) (Ogawa et al., 1995) , fluorescein-conjugated goat anti-rabbit, and biotinylated goat anti-rabbit and goat anti-mouse (Vector Laboratories, Burlingame, CA). Other materials used were 1,1Ј-dioctodecyl-3,3,3Ј,3Ј-tetramethylindocarbocyanine (DiI) (Molecular Probes, Eugene, OR), avidin and biotin (Vector), fetal calf serum (FC S) (Life Technologies), normal goat serum (NGS) (Seralab, Sussex, UK), Geys balanced salt solution (GBSS) (Life Technologies), 30 mm culture plate inserts (Millipore, Bedford, M A), agar (BDH), C learmount aqueous mounting medium (Zymed); penicillin /streptomycin, gentamycin solution, and diaminobenzidine (DAB) tablet sets were all purchased from Sigma. Preparation of slice cultures. Pregnant rats at different stages of gestation (E13, n ϭ 3; E14, n ϭ 14; E15, n ϭ 6; E16, n ϭ 17; E17, n ϭ 8; E18, n ϭ 3; E19, n ϭ 6) were killed by cervical dislocation. The fetuses were rapidly removed and placed in GBSS at 4°C supplemented with glucose (6.5 mg /ml). The following procedures were performed under sterile conditions. The brains were removed and placed in a 3% solution of agar in 0.1 M PBS, pH 7.2, at 40°C; agar was subsequently hardened on ice. Most brains were cut with a Vibratome coronally at 400 m, and a few were cut in the sagittal plane. Slices were kept in GBSS/glucose at 4°C for 50 min to allow for deterioration of enzymatic activity released by damaged cells. Slices were placed onto millicell C M membranes in 30 mm Petri dishes containing 1 ml of DM EM / F12 with 6.5 mg /ml glucose, 0.1 mM glutamine, 50 mg /ml penicillin /streptomycin, and 10% FC S for 1 hr, after which the cultures were kept in Neurobasal medium supplemented with B27 (1:50), with 6.5 mg /ml glucose, 0.1 mM glutamine, and 50 mg /ml penicillin /streptomycin. Injection of fluorescent tracer. To examine the migratory pathways of neurons generated in the ganglionic eminences, we placed crystals of DiI with a glass micropipette in the MGE (n ϭ 200) or LGE (n ϭ 10) of one hemisphere of cultured slices derived from a range of embryonic ages (E13-19) ( Fig. 1 A-C) . After placement of DiI, cultures were incubated for a f urther 48 hr in Neurobasal medium as described above and then fixed in 4% paraformaldehyde in PBS for 3 hr. They were subsequently rinsed in PBS, coverslipped, and observed with a fluorescent microscope or a laser-scanning confocal microscope.
To disturb the migration of neurons arising in the ganglionic eminence, slices containing both hemispheres were placed under a stereomicroscope after the first hour in DM EM / F12, and a cut was made with a scalpel that spanned the thickness of the cortex in one hemisphere at the level of the corticostriatal junction (Fig. 1 D) . A wedge-shaped piece of sliced agar was then placed inside the cut to prevent reconnection of the cut surfaces and cell movement between the two sides. The culture medium was then replaced, and cultures were incubated for a f urther 48 hr before fixation with 4% paraformaldehyde in PBS for 3 hr. In situ hybridization. We used nonradioactive in situ hybridization on fresh-frozen sections of mouse and rat embryos to examine the expression of Lh x6 in the developing telencephalon. Sections were cut with a cryostat in the coronal plane at 25 m and collected on gelatinized slides. After fixation with 4% paraformaldehyde in PBS, in situ hybridization was performed as described previously (Schaeren-Wiemers and GerfinMoser, 1993; Grigoriou et al., 1998) . Antisense riboprobes were generated using 1.5 kb BamHI-EcoRI fragment of the 3ЈUTR of the mouse Lh x6 cDNA (Grigoriou et al., 1998) .
Immunoc ytochemistr y. To f urther characterize DiI-labeled cells, selected slice cultures that had been observed with the microscope and photographed were removed from the slides, re-embedded in agar, resectioned at 75 m with the Vibratome, and immunolabeled for GABA, CR, Lh x6, or CR-50. Sections were incubated in PBS containing 0.05% Triton X-100 and 10% NGS at room temperature for 1 hr, and then with the antibody diluted 1:1000 (GABA, CR, Lhx-6 ) or 1:400 (CR-50) in PBS with 0.005% Triton X-100 and 10% NGS at 4°C overnight. After three 5 min washes in PBS, sections were incubated in fluorescein-conjugated goat anti-rabbit (GABA, CR, Lh x6) or goat anti-mouse (CR-50) diluted 1:50 in PBS for 3 hr. Stained sections were mounted in C learmount and observed using a laser-scanning confocal microscope.
Immunolabeling was also performed in the lesioned slice cultures. In these preparations, cortices were separated from the rest of the slice using a razor blade and transferred into a different Petri dish. They were dissociated, embedded in agarose, and immunostained as described by Vaccarino et al. (1995) . According to this method, the medium was washed away with 0.1 M PBS, and slices were dissociated with 0.25% trypsin containing 0.003% EDTA. Forty minutes later, the cell suspension was centrif uged at 200 ϫ g for 3 min, the supernatant was removed, and the cells were resuspended and fixed with 4% paraformaldehyde in PBS for 1 hr. They were subsequently washed in PBS and resuspended in a solution of 1.8% low gelling point agarose in 0.1 M PBS at 45°C. The agarose solution containing the cells was then poured between two glass slides separated by two No. 1 coverslips and was left to set in the refrigerator for 10 min. Pieces of the agarose films containing the cells were subsequently incubated with anti-CR (1:1000) or anti-GABA (1: 500) antibodies. The bound immunoglobulins were visualized with the avidin -biotin method using DAB as substrate. The stained agarose films were mounted on slides (in PBS/glycerol), and fields of labeled cells were observed under the microscope. The total number of cells and the number of immunostained cells per field were counted in randomly selected fields with the use of a 250-m-square reticule under a 20ϫ objective lens. A minimum of 10 fields (ϳ400 cells) were counted in each of three separate experiments, and the proportions of immunostained cells in the whole-cell population was calculated for each experiment. Student's t test was used to compare the mean percentages of cells stained with each antibody in the control group with those in the cortices from the lesioned cultures.
RESULTS

Expression of Lhx6 in the developing MGE and neocortex
We have previously reported (Grigoriou et al., 1998 ) that the LIM-homeobox containing gene Lhx6 is expressed in the subventricular and submantle zones of the mouse MGE from E11.5 to E17.5. Careful examination of our sections revealed that in addition to the ventral telencephalon, Lhx6 is also expressed in specific subsets of cells in the developing neocortex. In mouse embryos, the earliest Lhx6-expressing cells of the cortex first appeared at E13.5 as a column of cells bordering the ventricular zone and connected to the basal MGE (Fig. 2 A) . A few scattered Lhx6-expressing cells were also present at this stage in the LGE. At subsequent developmental stages (E15.5-17.5), the number of cells expressing Lhx6 in the LGE was greatly reduced, but expression of this gene was also observed in cells of the MZ, SP, and IZ of the developing cortex (Fig. 2 B) . To determine whether the pattern of expression of Lhx6 in the mouse brain is conserved in other mammalian species, we performed in situ hybridization analysis on sections of rat embryonic forebrain at comparable developmental stages (E14 -19). Similar to mouse embryos, we detected high levels of expression of Lhx6 in the MGE of these rats. Lhx6-expressing cells were also present in the neocortex in a spatial and temporal pattern similar to that observed in mouse embryos (Fig. 2C,D) . It has recently been shown (De Carlos et al., 1996; Anderson et al., 1997; Tamamaki et al., 1997 ) that progenitor cells generated in the LGE of the basal telencephalon migrate dorsally and contribute to the GABA-expressing population of interneurons of the cortex. The spatial and temporal pattern of Lhx6-expressing cells reported here raises the possibility that cells originating in the MGE also migrate dorsally and integrate into the layers of the neocortex.
Neuronal migration
To investigate whether the pattern of expression of Lhx6 was indicative of a migratory route, we placed crystals of DiI in the MGE of cultured slices prepared from the brains of rat embryos between the stages of E13 and E19 (Fig. 1 A) and in the LGE of E16 slices. After 2 d in vitro (DIV), slices prepared from E13 and E14 embryos displayed numerous labeled neurons emerging from the MGE. A number of these cells were observed traversing the LGE and were directed ventrolaterally, others were found rounding the corticostriatal sulcus and were directed either dorsolaterally or toward the temporal cortex, whereas others appeared to have reached the most superficial aspect of the cortical mantle (preplate) and were oriented parallel to the pial surface (Figs. 1 B,  3A) . Many of these tangentially oriented cells showed features typical of C ajal-Retzius cells as described previously in the cortex of rat embryos (Bradford et al., 1977; Derer and Derer, 1990) : an irregular or elongated cell body and a long (up to 150 m), thick leading process that often branched (Fig. 3B) . Slices prepared from E15 and E16 embryos contained a large number of migrating cells that showed a different distribution in the developing cortex (Fig. 1C) . As before, DiI-labeled cells were found in the MZ, but now a second group of cells had appeared in the lower IZ, whereas a small number of cells were also seen in the SP and occasionally in the cortical plate (CP) (Fig. 3C,D ). These cells typically had a long and thick leading process emerging from the opposite pole of the cell body. The direction of the thick leading process was regarded as the direction of the cell migration (Fig.  3D) . A similar group of cells in the IZ and SP were seen in slices injected with DiI at E17, but these preparations did not show any labeling in the MZ, even when slices were left in culture for an additional day. However, DiI injections into the MGE of slices prepared from E18 and E19 rats did not result in any labeling in the neocortex. When DiI placements were made in the LGE of E16 cultures, labeled neurons appeared in significant numbers in the IZ and were scattered throughout the CP but not in the MZ, in agreement with the recent observations of Anderson et al. (1997) .
In three experiments, slices were cut sagittally from brains of E15, E16, and E17 rat embryos, and crystals of DiI were placed in the MGE. E xamination of these slices after 2 or 3 DIV showed some labeled cells in the hippocampus, whereas others had reached the dorsal cortex and had their leading processes oriented caudally. As in the coronally cut slices, DiI-labeled neurons were found in the MZ as well as in the I Z and the SP.
Immunocytochemical characterization of migrating neurons
We used immunocytochemistry in slices prepared from E15 and E16 rats to characterize f urther the DiI-labeled cells that originate in the MGE. In these slices we found, in agreement with previous reports (Van Eden et al., 1989; De Diego et al., 1994) , that GABA immunoreactivity is restricted for the most part in the MZ, in the SP, and in the lower part of the I Z. Doublelabeling experiments showed that a number of the DiI-labeled cells in the MZ and the I Z contained GABA (Fig. 4 B, E) . Immunolabeling of slices for CR revealed staining of cells and their processes in the MZ and the SP. However, despite extensive search, none of the DiI-labeled cells were immunoreactive for this calcium binding protein; these cells were seen intermixed with CR-containing neurons in the MZ and I Z (Fig. 4 A) .
Immunocytochemistry with an antibody against Lh x6 in slices cut from E15 and E16 embryos showed labeling to be restricted in three bands. These bands corresponded to the MZ, the SP, and the lower I Z. A small number of labeled cells were also seen scattered in the C P. Double-labeling experiments indicated that a number of cells that had migrated from the MGE into the MZ and IZ expressed this transcription factor (Fig. 4 D, F ) . We also examined the localization of the CR-50 antigen that is associated specifically with C ajal-Retzius cells in the developing neocortex (Ogawa et al., 1995) . We found that this antigen is expressed extensively in the MZ of the neocortex in the cultured slices, including cells that originated in the MGE as indicated by the presence of DiI (Fig. 4C) .
Lesioned cultures
We examined the migration of neocortical neurons that originated in the MGE in slices that received a cut through the cortex at the level of the corticostriatal sulcus. We found that after placement of crystals of DiI in the MGE, labeled cells appeared to have migrated toward the corticostriatal sulcus and accumulated below the cut. We also investigated the proportions of the GABA and CR neurons in the intact and lesioned slices. Using agarose films stained for CR, we found that the proportion of neurons that express this calcium binding protein was similar (t ϭ 0.515) in the intact and lesioned cultures (4.6 Ϯ 0.7 and 5.2 Ϯ 0.5% of all cells, respectively). However, using similar preparations, we observed that the proportion of GABA-labeled cells decreased significantly (t ϭ 0.047) in the lesioned cultures, falling to a mean of 16.6 Ϯ 1.8% of the cortical neurons as compared with 24.5 Ϯ 2.1% in the intact slices.
DISCUSSION
The main findings to emerge from this study are as follows. (1) The MGE is a source of a substantial population of neurons in the MZ, including Cajal-Retzius cells, and of neurons in the SP and the lower portion of the IZ of the developing neocortex. (2) These neurons express the neurotransmitter GABA but do not express CR; reelin was also found in cells destined for the MZ. (3) The proportion of GABA-containing cortical neurons in brain slices is reduced by separating the neocortex from the subcortical telencephalon, but that of CR-expressing neurons remains unchanged. (4) Neurons in the MGE, including those that migrate to the MZ, IZ, and SP, express the LIM homeobox gene Lhx6.
Cell migration from the MGE
The fluorescent tracer labeling experiments showed that cells emanating from the MGE migrate to the developing neocortex. Cells labeled at the early stages of corticogenesis (E13-14) reach the pial surface and move tangentially underneath it. It is not clear what means they use to reach their destinations in the preplate. Initially, they may use glial fibers that extend ventrolat- erally or laterally to the pial surface (De C arlos et al., 1996) and then along plexuses of tangentially arranged axons within the preplate (Valverde et al., 1995) . It has been suggested that axons can provide a substratum for nonradial neuronal migration (Gray et al., 1990; Rakic, 1990) . At somewhat later stages, i.e., E15-16, labeled cells are seen rounding the corticostriatal sulcus, and their paths fork, directing some cells to the MZ and others to the SP and lower aspect of the I Z. The lower I Z and SP are the targets of cells labeled with DiI at E17. After this stage, MGE cells do not appear to migrate into the neocortex. Our placement of DiI in the LGE at E16 showed that in agreement with Anderson et al. (1997) , labeled cells also migrated to the neocortex, but they were dispersed as GABA-containing interneurons in the IZ and throughout the C P but not in the MZ. The molecular mechanisms that control the migration of cells from the anlage of the basal ganglia into the neocortex are largely unknown. Analysis of mouse embryos carrying loss-of-function mutations in both Dlx1 and Dlx2 genes has shown that the dorsal migration of cells derived in the LGE is dependent on normal function of these genes (Anderson et al., 1997) . The expression of both Dlx1 and Dlx2 in the MGE (Bulfone et al., 1993; Grigoriou et al., 1998) suggests that the dorsal migration of MGE-derived cells may also be under the control of this subfamily of homeobox genes. This hypothesis is further supported by recent findings that show absence of Lhx6-expressing cells in the cortex of Dlx1/Dlx2 null mouse embryos (Parnavelas et al., 1997) .
What are the signals that control the dorsal migration of MGE cells during embryogenesis? The lesion experiments in which a cut was placed through the cortex at the level of the corticostriatal sulcus resulted in accumulation of MGE cells ventral to the cut. It should be pointed out that direct comparisons between the lesioned and control sides are difficult to make because the exact placement and amount of DiI inserted in the MGE varies between the two sides. Also, we do not know whether all labeled cells seen ventral to the cut are actually destined for the neocortex. The accumulation of cells ventral to the cut would suggest that MGE cells do not depend on diff usible chemoattractive signals produced by the dorsally located neocortex to migrate to their destinations in its superficial and deep zones. Instead, they may follow a series of local cues that are present along their migratory pathway. These signals are presently unknown as is the mechanism that underlies the decision of migrating neurons to be directed toward the superficial or deep zones of the developing cortex.
Many of the neurons that migrate to the MZ differentiate into Cajal-Retzius cells that are identified by their morphological and neurochemical profiles. In agreement with earlier studies (Edmunds and Parnavelas, 1982; Marín-Padilla, 1984; Derer and Derer, 1990) , they are readily recognized by their large size and tangentially oriented large processes. Furthermore, they stain for reelin, a secreted protein crucial for the establishment of normal lamination in the CP, which has been detected in Cajal-Retzius cells of the developing cerebral cortex and hippocampus (Ogawa et al., 1995; Del Rio et al., 1997; Frotscher, 1997; Alcántara et al., 1998) . However, they did not express CR, a calcium binding protein often used as a marker of Cajal-Retzius cells (Del Rio et al., 1995) . These observations lend support to the notion that cells in the MZ comprise a heterogeneous group of neurons. This was initially postulated for primates, including humans (Meyer and Goffinet, 1998; Supèr et al., 1998) , but work in other species has also shown that cells in the MZ show diverse morphologies and complex and different neurochemical profiles and fates (Bradford et al., 1977; Parnavelas and Edmunds, 1983; Derer and Derer, 1990; . One of the groups of neurons populating the MZ that has received attention since the early part of the century are the so-called subpial granule neurons. These cells were initially described only in the human cortex (Ranke, 1910; Brun, 1965; Gadisseux et al., 1992) , but recent work by has indicated that such cells, originating in a restricted sector of the telencephalic vesicle, also exist in the rat cortex. These authors f urther suggested that the derivatives of the subpial granule cells migrate into the superficial part of the MZ and differentiate into C ajal-Retzius cells. It may be that these neurons correspond to the C ajal-Retzius cells described here that have their origin in the MGE. However, the origins, patterns of migration, and differentiation of the diverse group of cells that populate the MZ need to be explored f urther.
Our fluorescent tracing experiments showed that MGE neurons also migrate to the I Z. However, only neurons labeled in a relatively narrow window of time (E15-17) were found in this zone. Similar experiments that involved placement of DiI in the LGE also showed a significant number of cells crossing the corticostriatal boundary and entering the I Z of the developing cortex (De C arlos et al., 1996; Tamamaki et al., 1997) . Birthdating studies have shown that cells of the I Z are produced at the same time (E12-14) (De Diego et al., 1994; Tamamaki et al., 1997) as cells of the primordial preplate, except that cells continue to be added to this zone even after the appearance of the CP. The f unctional role of these I Z neurons is not yet known, but their tangential movement and distribution indicate that they do not respect cortical area boundaries. What are the destinations and fate of these tangentially migrating I Z neurons? Studies that used GABA immunocytochemistry or bromodeoxyuridine labeling have shown that they accumulate as interstitial cells in the subcortical white matter (Kostovic and Rakic, 1980) and in the corpus callosum (De Diego et al., 1994) . At caudal levels, they appear to invade the hippocampus (De Diego et al., 1994 ). It appears that these early generated I Z neurons are eliminated after birth (Kostovic and Rakic, 1980; Ferrer et al., 1990) , suggesting a role for these cells in cortical development (Tamamaki et al., 1997) .
A feature common to MGE cells that migrate to the MZ and IZ is the expression of the LIM homeobox gene Lh x6. This gene is a member of a novel subfamily of mammalian Lhx genes, designated Lh x6 and Lh x7 (Grigoriou et al., 1998) . Overlapping domains of expression of Lh x6 and Lh x7 have been detected in the MGE of mouse and rat embryos [Grigoriou et al. (1998) and present results]. Lh x6 is expressed predominantly in the subventricular and submantle zones, and Lh x7 is expressed mainly in the submantle and mantle zones of the pallidal primordium. However, in the cortex, Lh x6 but not Lh x7 has been detected in the MZ, C P, I Z, and SP. This observation, together with the results of the DiI labeling experiments, suggests that the expression of Lhx6 in the cortex defines a subpopulation of cells that originate in the MGE and migrate dorsally crossing the corticostriatal boundary. It should be mentioned that the expression patterns of other homeobox and putative regulatory genes in the developing forebrain also show that the morphological corticostriatal boundary does not generally mark a limit of gene expression Hallonet et al., 1998) . Although the function of Lhx6 and Lhx7 during mammalian embryogenesis is currently unknown, the pattern of expression of these genes in the developing MGE, along with the previously established role of other LIM/homeodomain proteins in cell fate decision and differentiation, suggests that Lhx6 and Lhx7 have a role in the generation and differentiation of the neuronal diversity in the basal forebrain. Furthermore, differential expression of these genes in a migratory population of MGE cells suggests that products of these genes uniquely or in combination with other transcription factors might play a role in the decision of MGE cells to differentiate in situ or migrate dorsally to the cortex.
The present findings taken together with tracing studies that focused on the LGE (De Carlos et al., 1996; Anderson et al., 1997; Tamamaki et al., 1997) clearly show that the ganglionic eminences contribute different cell types to the neuronal diversity of the mammalian cerebral cortex. These results strongly support the hypothesis of the evolution of the mammalian neocortex proposed first by Källén in the 1950s [see Karten (1997) for references] that was based on comparative embryological findings, and later by Karten and colleagues on histochemical evidence (Nauta and Karten, 1970; Karten, 1991 Karten, , 1997 . These authors postulated that the neurons that compose the large external striatum in reptiles and birds come to occupy the pallial mantle in mammals and form a major proportion of the cell population of the neocortex. The external striatum is known to arise in embryonic development by cell proliferation in the socalled dorsal ventricular ridge. In nonmammalian forms, its neuroblasts mature in situ without radical migration away from their matrix. However, neuroblasts generated in this region in the mammalian embryo migrate around the lateral corner of the telencephalic ventricle and invade the pallial mantle. Their proposed notion does not imply that the whole mammalian neocortex is homologous with the nonmammalian external striatum, but rather that neocortical neuronal populations homologous to those of the external striatum exist in the mammalian neocortex intermixed with the phylogenetically more recent populations of neurons originating in the pallium proper.
